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(54) X-RAY GENERATION DEVICE AND GENERATION METHOD THEREFOR 

(57)Abstract: 

PURPOSE: To modulate an X-ray generation amount with the 
energy of an excited laser beam kept constant, by generating an 
X-ray under the irradiation of a time interval-controlled main 
and sub-pulse laser beams to a metallic target. 
CONSTITUTION: A short pulse laser beam 2 released from a 
short pulse laser beam source 1 is divided into a main pulse 
laser beam 4 having high peak power and a sub-pulse laser 
beam 5 weaker than the beam 4, respectively through the first 
beam splitter 3. The beam 5 is reflected on mirrors 13 to 15, 
and condensed through a section 8 for irradiation to a metallic 
target 9 within a vacuum vessel 12, thereby forming a reserve 
plasma 10 in the vicinity of the surface of the target 9. On the 
other hand, the main pulse laser beam 4 is emitted at a time 
interval delayed relative to the beam 3 with a delay circuit 6, 
and irradiated to the target 9. According to this construction, 
the amount of a generated X-ray can be controlled and 
modulated by controlling the time intervals between the beams 
5 and 4 with the circuit 6. 
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* NOTICES * 



JPO and NCXPI are not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The X-ray generator characterized by having the metal target which synchronize short pulse laser 
light with the main pulse laser light which has high peak power, and said main pulse laser light, and the 
beam splitter divided into two, the delay circuit which controls the time interval of said main pulse laser 
light and subpulse laser light, and the main pulse laser light and subpulse laser light by which said time 
interval was controlled are made to irradiate a small subpulse laser light of peak power rather than said main 
pulse laser light, and is made to generate an X-ray. 

[Claim 2] The X-ray generating approach characterized by making said main pulse laser light irradiate after 
making said subpulse laser light irradiate, in case [ in which short pulse laser light is consisted of a small 
subpulse laser light of peak power rather than the main pulse laser light of high peak power, and said main 
pulse laser light ] form 2 ream pulse, a metal target is made to irradiate and an X-ray is generated. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the X-ray generator which controls the yield of the X-ray 

emitted from the laser induction plasma, and its generating approach. 

[0002] 

[Description of the Prior Art] [M. by which promising ** of the X-ray generated from the plasma formed 
near the surface of metal by irradiating a high intensity laser beam in a surface of metal is carried out as the 
efficient high brightness X line light source They are M.Murnane et al. and Science 251,531(1991)]. By 
using an ultrashort pulse laser beam especially as a laser beam, it is possible to realize optical high 
reinforcement with comparatively low energy. In the present condition, a component which modulates X- 
ray intensity to arbitration needs to control X dosage to generate, in order to control X-ray intensity to a 
modulation or arbitration, in case it does not exist but the spectrum using a high brightness X-ray etc. is 
performed. 

[0003] As a means for this, it is required to control the light energy of an excitation laser pulse. [O. by 
which, as for X dosage to generate, it is known about excitation light energy about proportional to the square 
when making the ultrashort pulse laser beam of a sub picosecond into excitation light It is R.Wood, II et al., 
and Appl.Phys.Lett.53,654(1988)]. 

[0004] However, the pulse energy generally used is as high as several 10 mJ(s), and it is necessary for 
controlling the reinforcement of such high intensity laser pulsed light to make the destructive threshold of 
the optical element used high. In order to suppress the effect of distribution etc. furthermore, a thick optical 
element cannot be used. For this reason, it is not easy to modulate and use the reinforcement of a high 
intensity laser beam. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in the conventional technique mentioned above, 
although it was required to control the energy of a laser pulse in order to control an X-ray yield, it was 
difficult to control the light pulse reinforcement of high energy to arbitration. 

[0006] Therefore, it is made in order that this invention may solve the conventional technical problem 
mentioned above, and the purpose is in offering the X-ray generator which enables the modulation of an X- 
ray yield where energy of an excitation laser beam is set constant, and its generating approach. 
[0007] 

[Means for Solving the Problem] In order to attain such a purpose, the X-ray generator by this invention The 
beam splitter which synchronizes with the main pulse laser light and the main pulse laser light which have 
high peak power, and divides short pulse laser light into two at subpulse laser light with peak power smaller 
than the main pulse laser light, It has the delay circuit which controls the time interval of the main pulse 
laser light and subpulse laser light, and the metal target which the main pulse laser light and subpulse laser 
light by which the time interval was controlled are made to irradiate, and is made to generate an X-ray, and 
is constituted. 

[0008] Moreover, 2 ream pulse is formed, and in case [ in which short pulse laser light is consisted of a 
small subpulse laser light of peak power rather than the main pulse laser light of high peak power, and this 
main pulse laser light ] a metal target is made to irradiate and an X-ray is generated, after making subpulse 
laser light irradiate the X-ray generating approach by this invention, it is made to make the main pulse laser 
light irradiate it. 
[0009] 

[Function] In this invention, by dividing into two and irradiating [ the main pulse laser light of high peak 
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power, and a small subpulse laser light of peak power ] subpulse laser light previously at a metal target, 
when the reserve plasma occurs and the main pulse laser light irradiates this reserve plasma, X dosage which 
it is heated, and an X-ray generates and is generated by control of the time interval of subpulse laser light 
and the main pulse laser light is modulated. 
[0010] 

[Example] Hereafter, the example of this invention is explained to a detail using a drawing. Drawin g 1 is 
drawing explaining the configuration by 1 of the X-ray generator by this invention example. In drawing 1 , 
the short pulse laser light source to which 1 emits the short pulse laser light 2, the 1st beam splitter to which 
3 divides the short pulse laser light 2 into two at the main pulse laser light 4 and the subpulse laser light 5, 
and 6 are delay circuits which control the time interval of the main pulse laser light 4 and the subpulse laser 
light 5. 

[001 1] Moreover, the 2nd beam splitter which passes the subpulse laser light 5 while 7 reflects the delayed 
main pulse laser light 4, The condenser lens with which 8 makes the main pulse pulse laser light 4 and the 
subpulse laser light 5 which were reflected by the 2nd beam splitter 7 condense, 9 For example, the metal 
target of the circle configuration formed by the aluminum plate etc., The reserve plasma which produces 10 
by the exposure of the subpulse laser light 5, the X-ray which generates 1 1 from the metal target 9, The 
vacuum housing by which, as for 12, the metal target 9 was held in the interior, and 13, 14 and 15 are the 
mirrors for making the subpulse laser light 5 penetrated by the 1st beam splitter 3 dividing introduce into the 
2nd beam splitter 7. 

[0012] In such a configuration, the short pulse laser light 2 emitted from the short pulse laser light source 1 
synchronizes with the main pulse laser light 4 which has high peak power by the 1st beam splitter 3, and this 
main pulse laser light 4, and is made into the subpulse laser light 5 feebleer than the main pulse laser light 4 
2 **** s . It is reflected by mirrors 13, 14, and 15 and the divided subpulse laser light 5 is irradiated by the 
metal target 9 which passed the 2nd beam splitter 7, was condensed with the condenser lens 8, and was held 
in the vacuum housing 12. 

[0013] If the subpulse laser light 5 is irradiated by this metal target 9, the reserve plasma 10 of whenever 
[ low-temperature ] will be formed near the front face of this metal target 9. In this case, although the 
reinforcement of the subpulse laser light 5 forms the reserve plasma 10, it is weakly set as extent which 
cannot generate X-ray 1 1 . Moreover, the reserve plasma 10 is high almost like [ the volume is small and / a 
consistency ] a solid-state in the formed initial state. However, the volume is expanded, reducing a 
consistency gradually with the passage of time, since the ion in the reserve plasma 1 0 is spread. 
[0014] On the other hand, incidence of the high main pulse laser light 4 of the peak power reflected by the 
1st beam splitter 3 is carried out to a delay circuit 6, a time interval is adjusted by this delay circuit 6, and 
outgoing radiation of it is carried out. In this case, as for the main pulse laser light 4, outgoing radiation of 
the time interval is carried out behind time to the subpulse laser light 5. It is reflected by the 2nd beam 
splitter 7, it is condensed with a condenser lens 8, and the main pulse laser light 4 to which outgoing 
radiation of this time interval was carried out behind time is irradiated by the metal target 9 in a vacuum 
housing 12. In this case, the main pulse laser light 4 will be in a time interval rather than the subpulse laser 
light 5 previously irradiated to the metal target 9, and it will irradiate. 

[0015] Here, in the limitation to which the maximum consistency of the reserve plasma 10 formed near the 
front face of the metal target 9 is over critical density, the main pulse laser light 4 irradiated by being behind 
to the subpulse laser light 5 will not irradiate the metal target 9 directly, but will heat the reserve plasma 10. 
In this case, the electron density of the plasma decided by wavelength of the main pulse laser light 4 is a 
field below critical density, and what the main pulse laser light 4 can invade into the reserve plasma 10 by is 
reflected in the part of critical density. 

[0016] Since the reserve plasma 10 is spread as mentioned above, the main pulse laser light 4 expands the 
field which invades into the reserve plasma 10 and can be heated according to the time interval of the 
subpulse laser light 5 and the main pulse laser light 4. This means that the time interval of the subpulse laser 
light 5 and the main pulse laser light 4 follows on becoming large, and the amount of energy migration from 
the main pulse laser light 4 to the reserve plasma 10 increases. 

[0017] It becomes possible to become possible to control the amount of energy-absorbing of the main pulse 
laser light 4 by the reserve plasma 10 by controlling the time interval of the subpulse laser light 5 and the 
main pulse laser light 4 by the delay circuit 6, since it is thought that the amount of X-ray 1 1 generated from 
the plasma is proportional to the energy of the main pulse laser light 4 absorbed by the reserve plasma 1 0 
mostly on the other hand, to control X dosage of X-ray 1 1 to generate, and to become irregular. 
[0018] In addition, although the structure where the condenser lens 8 which makes the main pulse laser light 
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4 and the subpulse laser light 5 condense was arranged on the optical path of the outside of a vacuum 
housing 12 in the example mentioned above was explained It cannot be overemphasized that the same 
operation effectiveness as the above-mentioned is acquired also in the structure arranged on the structure 
where this condenser lens 8 is arranged by the photoconductive necessary aperture of a vacuum housing 12, 
or the optical path inside a vacuum housing 12. 

[0019] Drawing^ shows the dependency over pulse period spacing of the yield of actually observed X-ray 
11, when the aluminum plate of a circle configuration is used as a metal target 9. It is [ ** from drawin g 2 , 
or ] pulse period spacing tauD of the subpulse laser light 5 and the main pulse laser light 4 like. By 
controlling, X dosage to generate is controlled and modulated and the effectiveness by this example is in **. 

[0020] 

[Effect of the Invention] As mentioned above, as explained, according to this invention, the extremely 
excellent effectiveness that the X-ray generator which can modulate an X-ray yield where short pulse laser 
luminous energy for excitation is set constant becomes realizable is acquired. 

[0021] moreover, analysis and a spectrum using the laser plasma X-ray application to various X-rays 
spectroscopic analyzers to be adjusted [ of X-ray intensity ], and a high brightness X-ray according to the 
configuration of the X-ray generator by this invention - the extremely excellent effectiveness that it can 
contribute also in the application to equipment etc. is acquired. 

[0022] Moreover, according to the X-ray generating approach by this invention, in the excitation light which 
consists of main pulse laser light and subpulse laser light and which was formed into 2 ream pulse, the 
extremely excellent effectiveness that an X-ray yield can be modulated is acquired by controlling the time 
interval between 2 pulse-laser light. 

[Translation done.] 
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DRAWINGS 



[Drawin g 1] 
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(54) X-RAY GENERATION DEVICE AND GENERATION METHOD THEREFOR 

(57)Abstract: 

PURPOSE: To modulate an X-ray generation amount 
with the energy of an excited laser beam kept constant, 
by generating an X-ray under the irradiation of a time 
interval-controlled main and sub-pulse laser beams to a 
metallic target. 

CONSTITUTION: A short pulse laser beam 2 released 
from a short pulse laser beam source 1 is divided into a 
main pulse laser beam 4 having high peak power and a 
sub-pulse laser beam 5 weaker than the beam 4 f 
respectively through the first beam splitter 3. The beam 
5 is reflected on mirrors 13 to 15, and condensed 
through a section 8 for irradiation to a metallic target 9 
within a vacuum vessel 1 2, thereby forming a reserve 
plasma 10 in the vicinity of the surface of the target 9. 
On the other hand, the main pulse laser beam 4 is 
emitted at a time interval delayed relative to the beam 3 
with a delay circuit 6, and irradiated to the target 9. 
According to this construction, the amount of a 
generated X-ray can be controlled and modulated by 

controlling the time intervals between the beams 5 and 4 with the circuit 6. 
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